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ILLUSTRATIONS

Side-by-side 325 degree azimuth strain seismometers.
Permanent seismometer on left has been partially insulated.
Vertical strain seismometer will be located at gallows
frame on left of figure.

Ship's door installation

Calibration signals: 25 sec, S55L input is 0.834 x 10=9m
AL or 2.08 x 10-11 strain, S325L1 input is 4.75 x 10-%m
AL or 1.19 x 10-10 strain.

Amplitude response S55L, advanced long-period system
response with 6-sec notch filter. Magnification is
recorder amplitude divided by differential pier motion.

Relative amplitude response of S55L strain seismograph to
a travelling wave with the same phase velocity at all periods

Reproduction of a 16-mm film record of earthquake phase
arrivals. USC&GS PDE epicenter data: Andreanof Islands,
Aleutian Islands, my = 6.1, 0 = 1052:31.2, 52.7N, 175.1W,
h = 162 km, A = 48 deg. (Note: Time lines 18 sec late.)
Arrivals: SS at 1111:52, sSS at 1112:48, SSS at 1113:55,
sSSS (?) at 1115:05, SSSS(??) at 1115:58.5.

Reproduction of a 16-mm film record of Rayleigh wave arrival
from event S of Honshu, Japan. USC&GS PDE epicenter data:
mp = 5.1, 0 = 1259:57.1, 31.8N, 141.6E, h = 13 km, A = 86 deg.

Pulse of strain recorded on perpendicular horizontal strain
seismographs associated with a local event. Long-period

excursions are free oscillations from an event 7-1/2 h earlier.

Strain seismograph instrument noise recorded at 6 dB above
operate level on S325L1 and at operate level on SS55L.

Reproduction of a 16-mm film record showing arrival of P at
0549:48.5 and PP at 0554:00 from an earthquake in the Caroline

Islands Region. LASA preliminary data: mpb = 5.4, 0 = 0536:57,

2.4 N, 158.3 E, h = 33 km, A = 89 deg, 272 deg azimuth.

Reproduction of a 16-mm film record showing arrival of S (SlI)

at 0600:35, of PL at 0601-0604, and of PPS (SV) at 0603:00 from
an earthquake in the Caroline Islands Region. LASA preliminary
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m, = 5.4, 0 = 0536:57, 2.4 N, 158.3 E, h = 33 km, £=89 deg,
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Reproduction of a 16-mm film record showing LRl Rayleigh wave
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from an earthquake in the Caroline Islands Region. LASA
preliminary data: mp = 5.4, 0 = 0536:57, 2.4 N, 138.3 E,

h =33 km, 4 = 89 deg, 272 deg azimuth.

Reproduction of a 16-mm film record showing LR2 Rayleigh wave
enhancement on sum trace and cancellation on difference trace
from an earthquake in the Caroline Islands Region. LASA
preliminary data: mp = 5.4, 0 = 0536:57, 2.4 N, 158.3 E,

h = 33 km, A = 89 deg, 272 azimuth.
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ABSTRACT

Progress during the first three months of 1970 is reported. The mine
preparation was completed by 02 February. Because of repeated delays, the
mine modification subcontract was terminated before the full 40 m depth was
reached. The vertical strain seismometer will be mounted in a 39-1/2 ft

hole - 16 ft up and 23-1/2 ft down. The mine has been inspected and approved
by the Office of the State Mine Inspector. All personnel assigned to the
project assisted in the installation of the instruments which was completed

in February. Preliminary recordings have led to several conclusions. The
mine must be sealed to attenuate effects of air pressure fluctuations. The
strain seismometers must be insulated to achieve optimum performance. A
"curing ctime" of some duration is necessary for extreme high-magnification
operation. Spurious disturbances resulting from disturbance of the mine during
mine modifications and installation are decreasing with time. The noise back-
ground on the preliminary recordings is not electronic instrument noise. The
strain seismographs respond well to earthquake signals.
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DEVELOPMENT OF LP WAVE DISCRIMINATION
CAPABILITY USING LP STRAIN INSTRUMENTS
Quarterly Report No. 7, Project VT/8706

1. INTRODUCTION

This report discusses the progress during January, February, and March, 1970,
in the installation and preliminary operation of long-period (LP) strain and
inertial seismographs with equivalent magnification and response characteristics.
The instruments are being used to develop techniques for discrimination of LP
seismic waves. The major effort on each task of the Statement of Work is
discussed in separate sections. This report is to apprise the Project Office
of the current status of Project VELA T/8706. It is submitted in compliance
with Sequence No. A004 of the Contract Data Requirements List, Contract F33657-
69-C-0121.

2. DEVELOP DESIGN SPECIFICATIONS, Task a(l)

This task has been completed.

3. DETERMINE THE MOST EFFECTIVE TECHNIQUE, Task a(2)

This task has been completed.

4. DESIGN, FABRICATE, AND TEST LABORATORY MODELS, Task b(1)

This task has been completed.

5. DEVELOP A FINAL ENGINEERING MODEL DESIGN, Task b (2)

This task has been completed.



6. DESIGN A FIELD TEST INSTALLAT:OV. Task b(3)

This task has two parts: preparation of a suitable mine and design of the
field test installation. The installation design was completed in the third

quarter of FY 69. The preparation of the mine was complcted on 02 February
1970.

The mining contractor repeatedly failed to fulfill his promises to supply labor
to expedite completion of the full 40 m of vertical shaft. Therefore, a ter-
mination agreement was made in mid-January. A total depth of 39-1/2 feet is
available for the vertical strain seismometer. Sixteen feet of this length is
up and 23-1/2 feet is down. Holes have been drilled in one wall for the ver-
tical instrument. During January, the 325 degree azimuth tunnel was cleaned
out where the hoisting equipment for the winze was mounted. Two scts of
parallel mounting holes were drilled in the floor of this tunnel for side-by-
side comparative tests. The second set has fixed anchor points at one end of
the 40 m and at 10 m from this end. There are also two possible magnet mount-
jag points at the other end of the 40 m and in the middle. Therefore, if
initial comparative tests at the 40 m length indicate testing at different
length strain rods would be advisable, lengths of 10, 20, 30, or 40 m are
available by moving one or both end anchors. The permanent 325 degree azimuth
strain seismometer is anchored in competent rock. However, the second parallel
40 m strain seismometer is anchored in remineralized fault zones at each end.

Originally, V notches were to be blasted for recesses for the ship's doors for
the air pressure seal. However, the blasting of the notches could not be
properly controlled. Too light a charge would not break enough rock and a
slightly heavier charge would overbreak and open up cracks. The notches were
abandoned for recesses that were in the old workings at suitable points. After
completion of the winze and 325 degree azimuth tunnel, the contractor removed
his track, water lines, and air lines. He completed work on 02 February.

The Arizona State Mine Dust and Ventilation Engineer, representing the Office
of the State Mine Inspector, mace a final safety inspection of the mine on

U5 February 1970. In a letter, he states: "I made a thorough examination
and found everything in good order, no loose rocks, no explosives of any kind,
places timbered where needed and the place cleaned out of excess rock, timber,
and debris."

This task has been completed during this reporting period.

™™ - - e



7. DESIGN, FABRICATE, AND INSTALL THE FIELD TEST INSTALLATION, Task c(1)

7.1 FABRICATE INSTRUMENTATION

The fabrication and assembly of all instrumentation is complete except for
displacement transducers for the three strain seismometers.

7.2 INSTALLATION OF THE STRAIN/INERTIAL COMPLEX

The installation of the instrumentation was completed during this reporting
period. During January, installation of the instrumentation was made in
parallel with the mine modifications. During February, all personnel assigned
to the project were at the mine to complete the installation at the earliest
possible time. The three-component short-period (SP) and long-period (LP)
inertial seismographs had previously been installed. The 55-degree azimuth
strain seismometer, which had previously been assembled, was insulated. The
325-degree azimuth permanent strain seismometer was installed and insulated.
The second 325-degree azimuth strain seismometer was installed and was operated
without insulation for two weeks for comparison to an insulated seismometer.

It was insulated in late March. Figure 1 was taken from near the fixed anchors
of the two 325-degree azimuth strain seismometers looking toward the transducers.
The permanent seismometer, on the left, has been covered with polyurethane
insulation. After the picture was taken, the cracks between pieces of puly-
urethane and the adjustment plates were further insulated with fiberglass. The
2-inch outside diameter Invar strai- rod is supported from the Invar triangle
frames by three Elinvar wires. Invar was used for its low coefficient of
thermal expansion and Elinvar has a low thermal coefficient of Young's modulus.
The triangle frames are belted to an Invar adjustment plate, which is tied

to the rock floor by steel bolts and expansion shells. Originally, 1-foot

long expansion bolts were to be used, but when the floor was drilled, it was
found to be highly fractured. Therefore, 3-foot long bolts were used to

attach the frames to the rock and the strain rod anchor and the magnet
assemblies are tied to the rock with 6-foot long bolts.

The bottom of the gallows frame over the winze can be seen at the left of
figure 1. The winze goes down 23-1/2 feet from the floor level. This length
and an additional 16 feet above the floor will be used for the vertical strain
seismometer after the side-by-side tests are completed. Most of the bolts for
the support of the vertical seismometer have been set, so that they can sta-
bilize with the country rock while the side-by-side tests are in progress.

Three ship's doors have been installed to provide an air seal. A 1/4-inch
thick steel flange was cut to fit the opening in the rock and was welded to
the door frame. After all loose rock was removed, this weldment was wedged
in position and the bottom was cemented in place as shown in figure 2a. Both
sides of the frame were then bricked to provide structural support and an air
seal. One of the finished doors is shown in figure 2b. The full condulet
shown in the figure has about 40 cables. Another 40 cables has been run in a
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second condulet. The third condulet and fourth 3-inch pipe coupling are spares.
Power is in a 1-1/2-inch pipe coupling in the upper left. A second 1-1/2-inch
pipe is available for pressure tests and pressure relief anl/or for futurc
power additions.

On this project, a new concept of mounting strain and LP inertial seismographs
has been used with apparently excellent success. All connections of the seis-
mometers to the native rock have been made with elastic metal in the form of
expansion bolts. Previous installations have used concrete. Strain seismometer
anchors have been attached to concrete piers and the strain rods have been sup-
ported from wire suspensions hung from concrete throughs or metal standards
mounted in concrete piers. Inertial seismometers have been mounted on concrete
piers or on the concrete bottom of a sealed metal tank. The Project \1/8706
strain seismometers are mounted with steel expansion bolts into the wall or
floor of the mine. Each of the LP inertial seismometers is resting on three
small steel pads screwed to the top of expansion bolts inside a metal tank.

8. CONDUCT NOISE AND STABILITY TESTS, Task c(2)

During the instrument installation, some preliminary recordings were made at
night. These recordings continued to indicate that the final installation will
be an outstanding seismograph station.

These preliminary recordings have led to several conclusions.

a. The mine must be sealed to attenuate effects of air pressure
fluctuations. Before the ship's doors were installed, the strain and inertial
seismograms were noisy with spikes and LP fluctuations. The mine was apparently
flexing elastically with the pressure variations.

b. The strain pulses from the recent mining activity appeared to
decrease with time.

c. Before the 55-degree azimuth and the 325-degree azimuth strain rods
were insulated, but after the mine was sealed, large air convection cells within
the mine caused correlated noise on both ctrain seismographs and on the horizon-
tal inertial seismographs. Visual correlation did not exist after the seismo-
meters were insulated; also, operating magnifications were increased markedly.

d. The side-by-side tests also clearly indicated that insulation is
necessary. The operating magnifications on the insulated strain seismometer
were more than an order of magnitude larger than those of the uninsulated
seismometer.
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€. A "curing time'" of some duration 1s necessary for extreme
high-magnification operation. During the last week of February, the operating
magnification for the 55-degree azimuth strain seismograph with the Advanced
Long-Period System (ALPS) response was able to be increased from 3.21%
(3,210,00 differential pier displacement, AL, to film recorder at X10 view)
to 63M. For a 25-sec Rayleigh wave, these magnifications are equivalent to
an inertial system operating at magnifications of 8.0K (for Z.21M) and 157K
(for 63M). During this same time span, the operating magnification of the
325-degree azimuth Permanent strain seismograph has incrcased from kO te
12.7M (equivalent inertial 2.5K to 31.6K). Figure 3 is a X10 view of g 16-mm
film recording of calibration signals. An input AL between piers of 0.834
X 10-%m or 2.08 x 10-11 strain is aBplied to the S55L strain seismograph and

a AL of 4.75 x 107%m or 1.19 x 10-1 strain is applied to the S325L1 permanent
strain seismograph.

Figure 4 is a plot of the magnification response with a 6-sec notch filter of
the S55L channel. The magnification plotted is recorder amplitude (at X10
view) divided by the input differentiai displacement between piers (4L). For
a travelling wave with the same phase velocity at all periods, this response
curve is shifted 6 dB/octave as shown in figure 5. If constant phase velocity
with period is assumed, figure S then corresponds to the strain seismograph
response to a Rayleigh wave travelling in the direction of the strain rod.

g. The strain seismographs respond well to earthquake signals. Many
classical earthquake phase arrivals have been recorded., Figure 6 illustrates
some arrivals on the low gain strain channels from a magnitude 6.1 event in
the Aleutian Islands. All the high-gain channels are deflected off the film.
The 56-sec period arrival at 11167 on the S325LL1 trace is an excellent illus-
cration of the classical LP arrival. Figure 7 illustrates a Rayleigh wave
arrival from an event south of Honshu, Japan. Figure 8 shows a pulse of strain
on both the 325-degree and 55-degree strain seismographs associated with a small
local event during the continued free oscillations from the event 7-1/2h earlier
illustrated in figure 6. The S325L1 seismograph indicates rock compression, and
the SSSL seismograph indicates rock extension.

h. The noise background on the strain seismographs is not electronic
instrument noise. The S325L1 and SSSL instrument noise is illustrated in
figure 9. The Ithaco preamplifiers were dummy loaded, and the seismograph
outputs were recorded at 6 dB and 0 dB, respectively, above operate levels.
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Figure 4. Amplitude response S55L, advanced long-period system response
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9. CONDUCT PRELIMINARY OPERATION AND EVALUATE INSTRUMENT PERFORMANCE, Task c(3)

mine ventilation blowers were not needed and during the instrument installatjion
at night when personnel were not working inside the mine.

An early recording of a South Pacific earthquake illustrates some of the
capabilities of the system. At the time of this recording, the mine was not
sealed, onliy the 55-degree azimuth strain seismometer was installed, and none
of the instruments were insulated. The earthquake occurred on 06 January 1970
and was designated a lmagnitude 5.4 on the LASA preliminary epicenter data.

The LASA epicenter is at a 272-degree azimuth from QC-AZ. Figure 10 shows

the P-wave arrival at 0549:48.5 on the vertical inertial seismographs with no
significant motion recorded on the horizontal strain. The PP wave arrived at
0554:00 with a small enhancement on the difference trace. 1In figure 11, the

S wave arrived at 0600:35 with an enhanced small SH arrival on the sum trace
and some cancellation on the difference trace. The S wave is followed by shear
Coupled PL to about 0604. At 0603:00, the PPS phase arrives as SV motion as
seen on the difference trace. In figure 12, sSS arrived 0604:40.8 as an SV
wave on the difference trace and SSS arrived at 0612:18 as an SH wave on the
sum trace. In figure 13, the LRI Rayleigh wave had driven all LP traces off
the film except the sum trace, which shows cancellation compared to the S55L,
P55L, and the difference trace. The LR2 Rayleigh wave from the major arc
arriving from the opposite azimuth is enhanced on the sum trace and is cancelled
on the difference trace in figure 14. This one earthquake illustrates some of
the capability of this high sensitivity strain/inertial complex.

10. OPERATE THE STRAIN-INERTIAL SYSTEM, Task d(1)

No effort was devoted to this task during this reporting period.

11. DEVELOP METHODS OF WAVE DISCRIMINATION, Task d(2)

No effort was devoted to this task during this reporting period.
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12.  SPECIAL REPORT

A special technical report (Fix and Sherwin,

to summarize the Instrumentaticn complex obje
and preliminary results. After »r
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ctives, design, installation,
ecelving authority for publication according
ty review procedure, a paper was presented at the
erican Geophysical Union based upon this report.
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